Systematic, continuously updated reviews and meta-analyses of the best evidence that is available on the benefits and risks of medical interventions can inform decision making in clinical practice and public health medicine, identify areas in which further research is needed and guide allocation of resources. 1 Meta-analysis of randomized clinical trials is not an infallible tool, however, and several examples exist of meta-analyses which were later contradicted by single large randomized controlled trials, 2,3 and of meta-analyses addressing the same issue which have reached opposite conclusions. 4 The inclusion of an unbiased sample of relevant studies is clearly central to the validity of systematic reviews and metaanalyses. However, the dissemination of medical evidence, including the results from randomized trials, is influenced by a host of factors that affect the probability that a given trial is included in a meta-analysis. Trials with statistically significant ('positive') results have been shown to be more likely to be published, 5 more likely to be published in English, 6 Background Excluding clinical trials reported in languages other than English from metaanalyses may introduce bias and reduce the precision of combined estimates of treatment effects. We examined the influence of trials published in languages other than English on combined estimates and conclusions of published metaanalyses.
to be published more than once 7 and more likely to be cited by other authors. 8 To prevent publication, language and citation biases in meta-analyses, the Cochrane Collaboration, 9 the Centre for Reviews and Dissemination of the British National Health Service 10 and other experts in the field [11] [12] [13] recommend extensive literature searches which cover all relevant languages. This may involve time consuming and costly attempts to identify all relevant literature and the translation of foreign language articles.
Although it seems likely that excluding trials reported in languages other than English will introduce bias and reduce the precision of estimates of treatment effects, the importance and direction of these effects is unclear at present. We identified stateof-the-art meta-analyses that were based on comprehensive literature searches and examined the contribution made by trials published in languages other than English and their impact on combined estimates of treatment effects and conclusions.
Methods
We searched for meta-analyses of therapeutic or preventive interventions that combined the binary outcomes of at least five randomized trials. We manually searched all issues of nine general and specialist medical journals 14 The Centre for Reviews and Dissemination (University of York, UK) supplied us with copies of reports of meta-analyses of at least five trials published in any journal 1994 through 1998 which were reviewed for the Database of Abstracts of Reviews of Effectiveness (DARE). 15 Finally, we checked every review published in issue 1/1998 of the Cochrane Database of Systematic Reviews. 16 
Inclusion criteria
Meta-analyses that were based on comprehensive literature searches and provided sufficient data to allow re-analyses were included in this study. A comprehensive literature search was defined as a search not restricted to the English-language literature, which covered either the Cochrane Controlled Trials Register or at least two other electronic databases (such as Medline or Embase) and at least one other source (for example a search for unpublished material, a search of conference abstracts, theses or other grey literature, or a manual search of journals). If a review included meta-analyses of more than one binary outcome, we included the analysis that was based on the largest number of trials.
Assessment of language of publication
Two of us (PJ/FH or PJ/CB) who were unaware of the results of component trials independently assessed the publication type and language of each trial. Trials were classified as journal reports if they were published as full or short reports, editorials or letters in a regular issue or supplement of a journal. All other reports, including conference abstracts published in journals, were classified as grey literature. We assessed language of publication for journal articles only. Using Serline, the journals database produced by the National Library of Medicine (Bethesda, MA), we compiled a list of journals which only publish in English. The language of a journal article was classified as English if the journal publishing a trial report was included in this list. Articles that had a title in a language other than English or were described as of non-English language in the bibliographic details were classified accordingly. For all other articles we checked the language field in Medline or Embase. If a report could not be classified we obtained the report or contacted the authors of the meta-analysis.
Assessment of methodological quality
Quality assessment was restricted to trials included in metaanalyses published in the Cochrane Database of Systematic Reviews and was based on information on concealment of allocation and blinding provided in the reviews. Two of us (PJ, FH) independently reviewed this information for each trial while unaware of trial results. For concealment of allocation we distinguished between adequately concealed trials (central randomization, coded drug packs, assignment envelopes, etc), and inadequately or unclearly concealed trials which either reported an inadequate approach (alternation, open random number tables, etc) or lacked a statement on concealment. 17 For blinding we distinguished between trials which were described as doubleblind or included blinding of the person assessing outcomes (assessor-blind), and those which did not. Inter-observer reliability was determined using the kappa statistic. 18 
Data extraction and statistical analysis
For each meta-analysis, we recorded the outcome, the statistical method used for combining trials, the type of effect measure used and the overall pooled estimate with its 95% CI. One of us (CB) abstracted the raw outcome data for each trial or, if raw data were unavailable, the point estimate and CI. For the meta-analyses published in the Cochrane Database of Systematic Reviews, Update Software (Oxford, UK) provided raw data in electronic form.
We included meta-analyses that contained at least one trial published in a language other than English, excluding unpublished trials. To obtain consistency across meta-analyses, endpoints were re-coded if necessary, so that odds ratios or relative risks below 1 indicated a beneficial effect of treatment. We calculated the combined effect estimates separately for the non-English and the English language trials, applying the same analytical method used by the original authors. We then derived a ratio of estimates of non-English language to English language trials: a ratio below one indicates that non-English language trials show a more beneficial treatment effect than English language trials. We combined ratios of estimates of treatment effects using random-effects meta-analysis, also stratifying by clinical area, source (meta-analyses published in the Cochrane Database of Systematic Reviews versus others), intervention (drugs versus others), type of control (active control intervention versus others), and complementary versus conventional medicine. We calculated the percentage weight contributed by non-English language trials to individual meta-analyses, and the percentage change in the combined estimate of treatment effect that occurred when non-English language trials were excluded from the meta-analysis and examined changes in P-values. All analyses were performed in Stata version 6.0 (Stata Corporation, College Station, Texas).
Results
We identified a total of 309 meta-analyses with at least 5 trials and a binary outcome. After excluding 6 Cochrane reviews also published in journals we identified 159 meta-analyses which employed comprehensive literature searches, of which 50 (31.4%) included at least one trial published in a nonEnglish language and were included in analyses (Figure 1 ). The number of meta-analyses including non-English language trials were 29 (25.0%) of 116 meta-analyses published in the Cochrane Database of Systematic Reviews, 12 (46.2%) of 26 meta-analyses published in general medicine journals and 9 (52.9%) of 17 meta-analyses published in specialist journals. The 50 meta-analyses included 671 trials; 600 were published in 208 English-language and 95 non-English language journals and analysed further; 71 were unpublished literature and excluded.
Characteristics of trials
The language of publication was English in 485 (80.1%) trials. Of the 115 trials published in non-English languages, 42 (36.5%) were published in German, 29 (25.2%) in French, 12 (10.4%) in Italian, 8 (7.0%) in Japanese, 7 (6.1%) in Spanish, 6 (5.2%) in Portuguese, 8 (7.0%) in four other European languages and 3 (2.6%) in Chinese. Characteristics of trials were similar with respect to the year of publication and the type of intervention and comparison. Non-English language trials included fewer participants but were more likely to show statistically significant results ( Table 1 ). The proportion of trials published in languages other than English varied widely across clinical topics, from 10.1% in tobacco addiction to 35.7% in rheumatology and orthopaedics (Table 2) . It was higher in complementary medicine (41.2%) than in conventional medicine (21.7%). Cochrane reviewers' assessment of concealment of allocation was available for 294 trials (49.0%), of blinding for 279 trials (46.5%). Inter-observer reliability was high with kappas of 0.89 (95% CI : 0.80-0.98) for concealment of allocation and 0.76 for blinding (95% CI : 0.67-0.84). As shown in Table 3 , Englishlanguage trials were of higher methodological quality. Figure 2 shows the ratios of estimates of treatment effects from non-English language trials compared to English language trials for the 50 meta-analyses. Treatment effect estimates were on average 16% more beneficial in non-English language trials LANGUAGE BIAS IN META-ANALYSES 117 Figure 1 Progress through the stages of identifying eligible metaanalyses which included trials published in languages other than English (ratio of estimates 0.84, 95% CI : 0.74-0.97, P = 0.011). However, there was considerable heterogeneity between meta-analyses (P = 0.003). Results of stratified analyses are presented in Figure 3 . The effect of language appeared to be more pronounced in complementary medicine and less pronounced in trials with active control interventions, but none of the differences between strata was statistically significant (P Ͼ 0.20).
Estimates of treatment effects from trials published in English and other languages

Impact of non-English language trials on the results of meta-analyses
The number of trials published in languages other than English ranged from one to 14 trials and from 4.3% to 72.7% of all trials included. Non-English language trials contributed an average 17.5% of the weight in individual meta-analyses (median 10.2%; range 1.2-81.1%). The average precision (the inverse of the standard error) of treatment effect estimates decreased from 8.34 to 7.68 after exclusion of non-English language trials. Figure 4 shows the change in pooled estimates of individual meta-analyses that occurred when non-English language trials were excluded from meta-analyses. The changes ranged from a 42.0% increase (indicating less benefit) to a 22.7% decrease (indicating more benefit) of estimates of treatment effects. In 29 (58.0%) meta-analyses changes were less than 5%. Among the remaining 21 meta-analyses 5 showed more benefit and 16 less benefit after exclusion of non-English language trials. Significance levels were affected in 9 (18.0%) meta-analyses. In three cases P increased from P Ͻ 0.001 to P Ͻ 0.01, in a further four cases P increased from P Ͻ 0.01 to P Ͻ 0.05 and in two instances P decreased from P Ͻ 0.05 to P Ͻ 0.01.
Discussion
In an ideal world reviews of medical research would always include all relevant studies, independent of the language of publication. The inclusion of studies published in languages other than English could avoid bias 6, 19 and may often add valuable additional information. However, trials published in other languages can be more difficult to locate, and may require translation, which will increase costs and delay the conclusion of a review. Although performing reviews that produce misleading results is never justified, there may be trade-offs between the timeliness, costs and quality of systematic reviews. We examined the importance of including trials published in languages other than English in rigorously conducted systematic reviews by examining the effect of excluding these trials on overall estimates of treatment effects and the conclusion of the reviews. Of 309 meta-analyses identified by our search around half employed comprehensive literature searches that were free of language restriction. Moher et al. found that 41 (52%) out of 79 meta-analyses were 'language inclusive', i.e. authors did not report any restrictions. 20 Conversely, a 1995 survey found that 26 (72%) out of 36 meta-analyses had restricted their search to studies published in English. 19 Search strategies may thus have become more comprehensive in recent years. In our study only 50 (31.4%) of the 159 meta-analyses which reported comprehensive searches had in fact located reports published in languages other than English. Our study nevertheless included 485 English-language trials and 115 trials published in 11 other languages. We found that treatment-effect estimates from trials published in non-English languages were on average 16% more beneficial but the heterogeneity we observed between different meta-analyses means that both the size and the direction of this difference are unpredictable. Although trials published in languages other than English were smaller, they were more likely to report statistically significant results than trials published in English. However, in the majority of meta-analyses excluding reports published in other languages did not change estimates of treatment effects substantially although the Denominators differ: information on concealment of allocation was provided more frequently than information on blinding.
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Figure 2 Ratios of estimates of treatment effects from non-English language trials compared to English language trials for 50 meta-analyses Ratios of estimates (grey squares) with 95% CI of individual meta-analyses are shown. The size of the square reflects statistical weight in the overall pooled analysis. Meta-analyses are grouped according to clinical topic, and arranged alphabetically according to the first author. The grey diamonds represent pooled results from clinical subgroups, the black diamond overall pooled results. Ratio of estimates were pooled using random-effects models. A ratio of estimates below one indicates that trials published in languages other than English show a more beneficial treatment effect than trials published in English.
precision of estimates was somewhat reduced. More substantial changes did occur in some instances; usually this meant that estimates of treatment effects were more conservative after excluding trials published in languages other than English. Our study relied on the accuracy of meta-analysts' description of their literature searches: we did not assess whether the sample of trials identified by these authors was in fact complete. If searches were inadequate, so that many trials published in languages other than English were omitted, then our results might underestimate the contribution of this literature. Our sample was, however, large and our inclusion criteria well defined and stringent, reflecting current recommendations for comprehensive searches. The results reported here should thus reflect what is gained or lost by attempts to identify trials published in languages other than English for meta-analyses. Future studies could prospectively compare the results from rapid reviews that are restricted to the English language with subsequent meta-analyses based on extensive searches without language restrictions. We also relied on the information on study quality provided by many different Cochrane reviewers. However, the Cochrane Reviewers' Handbook specifies a standardized method for assessment of trial quality. 9 Our methods differ in two respects from previous studies which combined results from many meta-analyses. 17, 21 First, we used the statistical methods of the original meta-analysis. For example if the authors used a random-effects model because of the presence of between-trial heterogeneity in their review then so did we. We were thus able to focus on the impact of omission of non-English literature on the meta-analysis as actually published. Second, we allowed for differences in the disparity between treatment effects in English and non-English trials between different meta-analyses, and found clear evidence of such differences. Previous studies 17, 21 have statistically combined different meta-analyses assuming no differences between meta-analyses, an approach which may exaggerate statistical precision. In an earlier investigation we examined factors predicting the language of publication for pairs of reports of randomized controlled trials, with one report published by the same author in German and the other in English. 6 A statistically significant result was the only characteristic that predicted publication in an English-language journal. Based on these findings we hypothesized that significant findings are over-represented in the English-language literature whereas more non-significant results would be found in journals published in other European languages. The present study not only failed to confirm this prediction but showed that articles published in languages other than English were more likely to report statistically significant findings. Trialists in German-speaking Europe who publish both in English and German may thus not be representative of the majority of authors publishing clinical trials in languages other than English. The proportion of published trials showing superior efficacy of the experimental treatment has been shown to vary from country to country. Vickers and colleagues examined 252 abstracts of clinical trials of acupuncture and 405 abstracts from trials of other interventions. 22 They found unusually high proportions of trials favouring experimental treatments in some countries, for example China, Russia and Taiwan. Our sample included only few reports published in these countries but our results indicate that journals published in Western Europe may also contain a relatively high proportion of 'positive' trials.
Assessments by Cochrane reviewers found non-English language trials to be of lower methodological quality than English language trials. Two recent studies examined to what extent estimates of treatment effects from clinical trials are affected by dimensions of methodological quality. 17, 21 In both studies inadequate concealment of treatment allocation was, on average, associated with an exaggeration of treatment effects by around 40%. We also found inadequate methodological quality to be associated with larger effects (data available on request). The lower quality of trials may therefore partly explain the more beneficial treatment effects observed in trials published in languages other than English. This must be of concern: bias could thus be introduced by including trials published in languages other than English, leading to overoptimistic assessments of treatment effects. The methodological quality and quality of reporting was fairly poor in both language groups, however, and our findings underscore the importance of a sound assessment of trial quality in meta-analyses. 23 At present, trial reports frequently omit important methodological detail, 24-29 a situation which will hopefully improve in the future with a more widespread adoption of the CONSORT guidelines. 30, 31 Special efforts may be needed to improve reporting of clinical trials in journals published in languages other than English.
Our findings on study quality contrast with the results from an earlier study by Moher et al. 24 Moher et al. compared 133 trials published in English with 98 trials published in other languages during 1992 to 1994 and found little differences in reporting and overall quality. Their study was based on 13 selected journals of relatively high impact whereas our sample included a much wider range of journals (208 journals published in English and 95 journals published in other languages). Moher et al. 24 used the scale developed by Jadad et al. 32 to gauge quality. This scale gives more weight to the quality of reporting, that is the extent to which a report of a clinical trial provides adequate information about the design, conduct, and analysis of the trial than to actual methodological quality. Furthermore, the Jadad scale addresses the generation of allocation sequences, a domain not consistently related to bias, 17,21 but it does not assess allocation concealment, which has been shown to be associated with exaggerated treatment effects. 17, 21 It thus seems likely that the discrepant findings are explained by differences in the samples examined and quality features assessed. It could be argued that the different time period covered in our study might explain the discrepant findings, however, we found that differences between language groups in trial quality were in fact more pronounced in the 1990s.
What are the implications for the conduct of future reviews? Could reviews that are performed in a short period of time but ignore the non-English language literature still produce valid and reasonably precise results? In many situations the answer may be yes, particularly in specialties where most relevant trials appear to be published in English, for example in cardiology or obstetrics and gynaecology. The importance of trials published in non-English language journals is well known in complementary medicine, for example homoeopathy 33,34 or phytotherapy. 35 Within a specialty the situation may depend on the disease: about 80% of trials included in meta-analyses in neurology were published in English, however, a recent manual search of Chinese journals yielded 166 randomized trials in neurology the majority of whom (70%) were in stroke. 36 We emphasize that our study was designed to examine the overall impact of the non-English language literature. Further studies should clarify its importance in different specialties and conditions. Important considerations support the inclusion of all relevant trials of acceptable methodological quality in systematic reviews. The inclusion of trials published in many different languages will often increase the precision, generalizability and applicability of findings. The effect of excluding non-English language trials on summary estimates is unpredictable and the exclusion of trials on the grounds of language alone runs against the principles and spirit of systematic reviews, discriminates against some investigators and countries and will always introduce an element of doubt. However, our findings indicate that in many cases exclusion of non-English literature makes little practical difference and if anything will lead to more conservative estimates of treatment effects.
Systematic reviews are increasingly common as a means of assessing the relative effectiveness of health care interventions. This is not least because of the formation of the Cochrane Collaboration with its aim to prepare, maintain and promote the accessibility of reviews in all areas of health care. 1 Just as systematic reviews contribute to the practice of evidence-based health care, so should the conduct of reviews be based on good evidence, ideally from empirical research. The paper by Juni et al. 2 adds to this evidence base.
For all but the last century, decisions on how to treat patients were almost always based on personal experience, anecdotal case histories and highly selective retrospective comparisons; patients who had been treated in one way compared with others who had been treated differently. These processes are subject to many biases. The adoption of the randomized trial provided a more reliable way to estimate the relative effects of different interventions. However, for many conditions, the results of a single trial will rarely be sufficient. Most trials are too small, or too focused on a particular type of patient to provide a result that is either easily or reliably applicable to future patients.
To overcome this, a number of trials need to be brought together and this needs to be done reliably. It should minimize the possibility that chance will dominate the results (by combining the maximum amount of relevant information), minimize the possibility that bias will dominate the results (by combining an unbiased set of trials) and maximize the ability of users of the review to judge its applicability for specific health care decisions (by combining as wide a variety of trials as sensible and possible). Ideally, this would require that all relevant randomized trials are identified and included in the review. 3 Practically, though, this might rarely be possible given the time and resources needed to identify all trials and to obtain complete information and data from them. 4 Trial identification is one of the most important steps in the conduct of a systematic review. It needs to ensure that as many as possible of the relevant trials are found and, in particular, that a biased set of trials, where the bias stems from the results of the trials, is not identified. Publication bias, in which trials are more likely to be published if they have statistically significant positive results, makes this especially important. Coupling this with the fact that trials with more positive results are more likely to be published in English, 5 it implies that searching must encompass publications in other languages.
Juni et al. investigated a sample of meta-analyses published in the mid-1990s to assess the effect of including trials published in languages other than English in these. They found that, on average, the exclusion of such trials would have had little effect on the summary effect estimates. 2 However, as they point out, the size or direction of the effect was difficult to predict for individual reviews and they conclude that comprehensive searching is still required. I agree with this conclusion but, is it possible that they have actually underestimated the effect of trials published in languages other than English?
The meta-analyses chosen for the research had to include a minimum of five trials for sound statistical reasons. These are, as a consequence, more robust to the effects of removing one or two trials than meta-analyses with fewer trials. Thus it is difficult to know how applicable the results of this research might be for meta-analyses that include fewer than five trials. Such meta-analyses are not uncommon and it might be expected that the exclusion of, for example, one trial from a total of three could have a much larger effect.
The included trials that were published in languages other than English were typically smaller and had more positive results than the trials published in English. This might be an indication that the former were more subject to publication bias than the latter. This could result from the fact that, in general, trials reported in English were more readily available in the period when the reviews under investigation were done, because for example of the searching of electronic databases such as MEDLINE, which have a preponderance for articles published in English. This means that the trials published in languages other than English that were most likely to be found by reviewers-given the time and resource difficulties of searching extensively in the non-English-language literature-would be those that were published and cited with greatest prominence. Namely, the trials that were particularly positive and, most likely, particularly small. This raises a very challenging question. Was it worthwhile for the reviewers in the sample studied by Juni et al. to have done what was probably a limited amount of searching for trials published in languages other than English, if this identified a biased set, albeit containing a relatively small amount of randomized evidence? Fortunately, recent developments have made this question less pertinent but it still needs to be borne in mind by the people who do reviews and the people who use them.
The two most important developments are the continuing growth in the number of Cochrane reviews and the increased ease of trial identification in recent years. Cochrane reviews are published electronically in full and can therefore be revised and updated as additional evidence comes to light. This evidence might be from new research or it might be newly found evidence from older research. Trial finding has become easier with the development of The Cochrane Controlled Trials Register in The Cochrane Library. This incorporates records for reports of randomized trials regardless of language restrictions and one of its main sources is the hand searching of thousands of journals and other sources around the world. This searching, which would be impossible within the context of an individual review, is done in such a way that each source is searched for all reports of studies that might be randomized trials and the results of this searching are then incorporated into The Cochrane Controlled Trials Register. 6 Therefore, in agreeing with Juni et al. that comprehensive searching should remain an important component of systematic reviews, I also hope that reviewers of the mid-2000s will discover that it is now much easier to do this. The remaining challenge for reviewers will then be how to extract or obtain the necessary information and data from trials that have been published in languages other than their own.
